Contrary to common belief, the requirement that supersymmetry exists and that there are two Higgs doublets and no singlet at the electroweak energy scale does not necessarily result in the minimal supersymmetric standard model (MSSM). Two interesting alternatives are presented.
Introduction
It is generally believed that given the gauge group SU(2) × U(1) and the requirement of supersymmetry, the quartic scalar couplings of the Higgs potential (consisting of two doublets and no singlet) are completely determined in terms of the two gauge couplings. This is actually not the case because the SU(2) × U(1) gauge symmetry may be a remnant [1] of a larger symmetry which is broken at a higher mass scale together with the supersymmetry. The structure of the Higgs potential is then determined by the scalar particle content needed to precipitate the proper spontaneous symmetry breaking and to render massive the assumed fermionic content of the larger theory. Furthermore, the quartic scalar couplings are related to the gauge couplings of the larger theory as well as other couplings appearing in its superpotential. At the electroweak energy scale, the reduced Higgs potential may contain only two scalar doublets, but their quartic couplings may not be those of the minimal supersymmetric standard model (MSSM). In this talk I will describe two explicit examples that the MSSM structure is not unique. It is based on my very recent work with Daniel Ng of TRIUMF, [2] and with T. V. Duong. 
where the second terms on the right-hand sides of the equations for λ 1,2,3 come from the cubic interactions of √ 2Reχ 0 . In the limit f = 0 and using the tree-level boundary conditions G 2 = g 2 and G −2
, it can easily be shown from the above that the MSSM is recovered. However, f is in general nonzero, although it does have an upper bound because V must be bounded from below. Hence
where the maximum value is obtained if V sof t is also left-right symmetric.
Phenomenological Consequences
For illustration, let f = f max and x ≡ sin 2 θ W , then
where
is an extra term coming from radiative corrections and tan β ≡ φ 
instead of m in this model, whereas m h < 115 GeV in the MSSM. There is also the sum rule
W in the MSSM. In the limit of large m A , both models reduce to the standard model with h as its one Higgs boson while keeping their respective mass upper limits.
The New SU(3) × U(1) Model
Another example of an extended electroweak gauge model is a new version [5, 6] of SU(3) × U(1). Its salient feature is in the choice of the electric-charge operator within SU(3). Instead of the usual Q = I 3 + Y /2, it is assumed here that Q = I 3 + 3Y /2. Hence for SU(3) × U(1), we have
where Y ′ is the U (1) 
Supersymmetric SU(3) × U(1)
We now impose supersymmetry. In addition to changing all fields to superfields, we need to add three complex scalar superfields (η
, and (χ ′0 , χ ′− , χ ′−− ), transforming as (3 * , 0), (3 * , 1), and (3 * , −1) respectively. These are required for the cancellation of anomalies generated by the ρ, η, and χ superfields. The superpotential now contains two cubic invariants f ǫ ijk η i ρ j χ k and f
which contribute to the Higgs potential. The part related to the gauge interactions through supersymmetry is given by
where G 1 and G 3 are the U(1) and SU(3) gauge couplings respectively and λ a ij are the 8 conventional 3 × 3 SU(3) representation matrices. Similarly, the part of the Higgs potential related to the superpotential is given by
Let χ 0 = u = 0 and χ ′0 = u ′ = 0, then the SU(3) × U(1) gauge symmetry is broken down to the standard SU(2) × U(1). Assume also that η ′0 and ρ ′0 are zero (see Ref. [3] for details) so that it is possible to have only the doublets Φ 1 = (−ρ − , ρ 0 ) and Φ 2 = (η + , η 0 ) at the electroweak energy scale. The parts of V D and V F which contain Φ 1 , Φ 2 , χ 0 , and χ ′0 are then given by
Reduced Higgs Potential of the SU(3) × U(1) Model
Since χ 0 = u and χ ′0 = u ′ , there are cubic interactions in V ′ involving χ 0 and Φ 1,2 as well as χ ′0 and Φ 1,2 . These have to be taken into account in obtaining the effective quartic scalar couplings λ i of Eq. (1). However, because √ 2Reχ 0 and √ 2Reχ ′0 are not mass eigenstates, we need to consider their 2 × 2 mass-squared matrix given by
where 
and so forth.
In the limit f = 0, 
